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ABSTRACT 



An output buffer circuit (10,11) is protected by a short 
circuit protection circuit (12) from short circuit condi- 
tions at the output by detecting occurrence of a short 
circuit condition of the output (Voi/t) shoned to either 
the high or low potential power rails (Vca GND) and 
by Instating the output buffer circuit upon detecting the 
short circuit condition. Detection of a short circuit 
condition is accomplished by sensing and comparing 
the respective states of signals at the input (V/jv) and 
output (V otrr) and detecting occurrence of an out of 
state condition between the input and output. If the out 
of state condition is sensed for a sensing time delay 
period (tCl, tC2) longer than characteristic propagation 
delay times (tpHL, tpLH), a short circuit sensing signal 
(VLO, VHI) is generated. Tristating the output buffer 
circuit is accomplished by logically processing the short 
circuit sensing signal (VLO, VHI), generating a short 
circuit tristate enable signal (SOEB), and coupling the 
short circuit tristate enable signal (SOEB) to a tristate 
enable circuit input (14) of a tristate enable circuit (10, 
11) for tristating the output buffer circuit. The sensing 
time delay period is achieved by charging an integrating 
capacitor (01, 02) in a sensing signal circuit (21, 22). 
The sensing signal circuit is reset after detecting occur- 
rence of a short circuit condition at the output. Reset- 
ting is delayed for a reset time delay period (tC3) sub- 
stantially greater than the sensing time delay period 
(tCl, tC2). The reset time delay period is measured by 
discharging a reset delay capacitor (C3). The short 
circuit sensing sequence is then repeated. 

25 Claims, 6 Drawing Sheets 
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the event of a transient short circuit condition at the 

SHORT CIRCUIT PROTECnON aRCUFT AND output. Alternatively active techniques have been used 

METHOD FOR OUTPUT BUFFERS to shunt current away from the base of an output tran- 

Ttrr-iJKTfi-AT ETCT ^""^^ output currcut in the event of a large 

TECHNICAL FIELD 5 transient short circuit current 

This invention relates to a new short circuit protec- For extended electrical overload resulting from a 
tion circuit for output buffer circuits. The invention prolonged short circuit condition at the output, thermal 
detects short circuit conditions of the output shorted to sensing has been used. A large temperature gradient 
cither a high or low potential power rail. For tristate across an integrated circuit die or a high temperature is 
output buffer circuits, the invention makes use of the '° detected and the circuit is shut down before thermal 
existing tristate enable circuitry for instating the output damage occurs. A disadvantage of the thermal shut- 
buffer circuit upon detecting the short circuit condition. down shon circuit protection is the slow r^ponse time 
For non-tristate output buffers, the invention adds tris- in the order of milliseconds, 
tate-type circuitry for purposes of short circuit protec- 
tion. The invention is intended to prevent extended OBJECTS OF THE INVENTION 
electrical overload froin a prolonged short circuit con- it is therefore an object of the present invention to 
dmon and is particularly apphcable for CMOS output p^^vide short circuit current protection for output 

u er circm . buffer circuits from prolonged short circuit conditions 

BACKGROUND ART 20 output shorted to cither the high or low potential 

The output buffer circuits of an integrated circuit ^?'^% '^l' "^^^ intended to provide short 

device are characterized by relatively large current ^"^^^ protection with fast r«ponse time after a spea- 

drive and power capacity for applying the results of ^"'""8 delay tune penod. 

internal logic circuitry to an external load. Such buffer , °^J^* ^^'^ mvention is to provide a short 

circuits 10,11 may be indicated by the schematic repre- 25 <=^»it current protection circmt with penodic sensing 

sentations of FIGS. 1 and 2 showing respectively non- ^^^^ ^^^^^^ condition and periodic resetting of the 

inverting 10 and inverting 11 output buffer circuits. The circuit protection circuit for fast recovery of the 

non-inverting tristate output buffer circuit 10 delivers output buffer circuit once the short circuit condition is 

output signals with high H and low L potential states at removed. 

the output Voc/rin response to respective input signals 30 Generally the invention seeks to prevent short circuit 

of high H and low L potential states at the input damage to an IC device caused by electrical overstress 

Conversely, the inverting tristate output buffer circuit but with fast response and with fast return of the circuit 

11 delivers inverted output signals of low L and high H to normal operation. 

potential states at the output Voc/r. The output buffer F^xez-T i-^oTTm? /^t? tot. tx^/t^kt^^xt 

circuits have characteristic propagation delay times 35 DISCLOSURE OF THE INVENTION 

tpHL, tpLH for respective transitions from high to low In order to accomplish this result the invention gener- 

HL and low to high LH potential states at the output ally contemplates a method of protecting an output 

^OUT' buffer circuit by detecting occurrence of a short circuit 

The trisute output buffer circuits 10,11 include tri- condition of the output shorted to either the high or low 

state enable circuitry with a tristate enable input 14. The 40 potential power rails, and tristating the output buffer 

tristate enable circuit causes a high impedance third circuit upon detecting the short circuit condition, 

state Z at the output VpVTOf the output buffer circuits The step of detecting occurrence of a short circuit 

*° ? ^""^^l condition is accomplished by sensing and comparing 

signal OEB at the tnstate enable input 14. Applymg the ^^e respective states of signals at the input and output, 

high impedance third state Z at the output VouT is 45 detecting occurrence of an out of state condition 

referred to herem as tnstatmg the output buffer cir. ^^^^^^^ • ^j,^ ^^^^ 

cu.t. The tnstate condition is useful when the tnstate tion is sensed for a sensing time delay period longer than 

output buffer circmt is coup cd o a common bus. The characteristic propagation delay tim^ tpHL. tpLH for 

tnstate condition provides a "quiet" output when other »pi-xi lor 

output buffer circuits are active on the common bus. 50 ? ^ and low to high LH transitions at the 

Bipolar TTL tristate output buffer circuits with tristate « sensing sipial is generated. The 

enable circuits are illustrated in U.S. Pat. Nos. 8t.ep of tnstating the output buffer circmt « 

5.051.623; 4,649,297; 4.677,320* 4.661.727; & 4.581.550. P"^^^^ logically processmg the short circuit sensmg 

CMOS tristate output buffer circuits with CMOS tri- V:^!^! gcncratmg a short circuit tristate enable signal 

state enable circuits are shown in U.S. Pat. Nos. 55 coupling the short circmt tnstate enable 

5.036,222; 5,049.763 (FIG. 24); 4.961,010; and U.S. pa- ^^^"^ *° tnstate enable input of the existing tristate 

tent application Ser. No. 483,927 filed Feb. 22, 1990. enable circuit for tristating the output buffer circuit In 

The output buffer circuits 10,11 are coupled between of a non-tristate output buffer, tristate circuitry 
high and low potential power rails Vcc. GND for con- is added for the purpose of short circuit protection, 
trolled sourcing and sinking of current at the output 60 invention is applicable to both non-inverting and 
Voc/r- In the case of a prolonged short circuit condition inverting, tristate and non-tristate output buffer circuits, 
of the output shorted to the high or low potential power For a non-inverting output buffer circuit, an "out of 
raD, uncontrolled current flow may lead to extended state condition" refers to occurrence of out of phase 
electrical overload, heating, and damage to integrated signals at the input and output for the sensing time de- 
circuit devices coupled to the output. 65 lay. For inverting output buffer circuits, an "out of state 

Short circuit current protection from large transient condition" refers to the occurrence of in phase signals at 

currents has been provided by coupling a resistor in the input and output for the sensing time delay. As used 

series with the output to limit the amount of current in in the specification and claims, the phrase "out of state 
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condition** is therefore applicable to both non-inverting and second reset pulldown transistors. The reset circuit 
and .inverting output buffer circuits. feedback circuit incorporates inverter stages and a reset 

According to the invention the step of detecting oc- delay capacitor providing an RC lime constant for in- 
currence of an out of state condition for the sensing time troducing a reset delay time period substantially longer 
delay period and measuring the sensing time delay per- 9 than the sensing time delay period. By way of example, 
iod is achieved by charging an integrating capacitor in the characteristic propagation delay times for the tri- 
a sensing signal circuit to a sensing threshold voltage state output buffer circuit may be approximately for 
level during occurrence of the out of state condition. example S nS, the sensing time delay period may be 50 
This step has the advantage of generating at the inte- nS, and the reset time delay period may be 1.5 ^S. 
grating capacitor a short circuit sensing signal at the 10 After the sensing signal circuits have been reset by 
sensing threshold voltage level. the reset pulldown transistors, the short circuit sensing 

The method also provides ftirther steps of resetting cycle by the sensor circuits is repeated, If ■ shorted 
the sensing signal circuit after detecting occurrence of a condition at the output persists after the reset delay time 
short circuit condition at the output, and delaying the period, it is again detected, causing a return of a short 
resetting for a reset time delay period substantially IS circuit sensing signal to a high potential level, and re- 
greater than the sensing time delay. Resetting the sens- turn of the short circuit tristate enable signal SOEB to a 
ing signal circuit is accomplished by discharging the high potential level, tristating the output buffer circuit, 
integrating capacitor in the respective sensing signal Other objects, features and advanUges of the inven- 
circuit. The step of delaying the resetting and for mea- tion are set forth in the following specification and 
suring the reset time delay period is accomplished by 20 accompanying drawings, 
discharsins a reset delav capacitor. 

The short circuit trisute enable signal SOEB is gener- B^^^F DESCRIPTION OF THE DRAWINGS 
ated by a logical processing of the short circuit sensing FIGS. 1 and 2 are schematic block diagrams of prior 
signal when the short circuit sensing signal reaches the art non-inverting and inverting tristate output buffer 
sensing threshold voluge level. Resetting of the sensing 25 circuits. 

signal circuit is accomplished by feeding back the short FIG. 3 is a simplified schematic block diagram of a 
circuit tristate enable signal, generating a reset signal non-inverting tristate output buffer with an improved 
after the reset time delay, and actuating discharge of the short circuit protection circuit according to the inven- 
integrating capacitor in the respective sensing signal tion. 

circuit. 30 FIG. 4 is a detailed schematic circuit diagram of the 

The invention also provides complete circuitry for short circuit protection circuit, 
carrying out the method including a short circuit de- FIG. 5 is a timing diagram or graph of voltage signals 
tecting circuit for detecting occurrence of a short cir- at selected components of the circuit of FIGS. 3 and 4 
cuit condition of the output and generating a short cir- during normal operation of the tristate output buffer 
cuit sensing signal; a sensing signal logic circuit for 35 circuit. 

generating a short circuit tristate enable signal in re- FIG. 6 is a timing diagram or graph of voltage signals 
sponse to a short circuit sensing signal; and a logical OR at selected components of the short circuit protection 
coupling ofboth regular tristate enable signals OEB and circuit during operation of the tristate output buffer 
short circuit tristate enable signals SOEB to the tristate circuit with a shorted condition of the output shorted to 
enable circuit input of the tristate output buffer circuit. 40 the low potential power rail GND. 

The short circuit detecting circuit is an out of sUte FIG. 7 is a timing diagram or graph of the voltage 
condition sensing circuit coupled to the input and out- signals at selected components of the short circuit pro- 
put for sensing an out of state condition between signals tection circuit during operation of the tristate output 
at the input and output A first sensor circuit senses a. buffer circuit with a shorted condition of the output 
first out of state condition between the input and output 45 shorted to the high potential power rail Vcc. 
when the output is shorted to the low potential power FIG. 8 is a timing diagram or graph of selected volt- 
rail. A second sensor circuit senses a second out of state age signals showing operation of the tristate output 
condition between the input and output when the out- buffer circuit over an extended period of time with a 
put is shorted to the high potential power rail. First and prolonged short circuit condition of the output shorted 
second sensing signal circuits generate first and second 50 to the low potential power rail, 
sensing signals in response to respective first and second nF«;rBTPTiOK of PRPPPPBPn py a vipt p 
out of state conditions sensed for the duration of the B^^^Hl^JiP^^^J^J^^^^J^^^^^ 
sensing time delay. EMBODIMENTS AND BEST MODE OF THE 

The first and second sensing signal circuits incorpo- INVENTION 
rate the first and second integrating capacitors with RC 55 By way of example, the present invention is applied 
time constants for measuring a sensing time delay to the non-inverting output buffer circuit 10 as illus- 
grcater than the characteristic propagation delay times trated in FIG. 3. The short circuit protection circuit 12 
for respective low to high LH and high to low HL is coupled to both the input V/Arand output V out of 
transitions at the output. The first and second sensing output buffer circuit 10 for sensing an out of state condi- 
signal circuits are coupled to a sensing signal logic cir- 60 tion which may persist for a sensing time delay period 
cuit which generates the short circuit tristate enable greater than the characteristic propagation delay times 
signal SOEB. tpLH and tpHL of circuit 10. Upon detection of such an 

The reset circuit is provided by first and second reset out of state condition, the short circuit protection cir- 
pulldown transistors coupled between the first and sec- cuit 12 generates a high potential level short circuit 
ond sensing signal circuits and the low potential power 65 tristate enable signal SOEB which is applied at an input 
rail for discharging the integrating capacitors. The reset of logic OR gate ORl. The other input of gate ORl is 
circuit is coupled in a feedback circuit between the the standard tristate enable signal OEB. The output of 
short circuit tristate enable signal SOEB and the first gate ORl is coupled to the tristate enable circuitry of 
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output buffer circuit 10 for trislating output buffer cir- second short circuit sensing signal VHI appears on the 

cult after detection of a short circuit condition. It Is second sensing signal circuit 22. 

noted that the standard tristate enable signal input 0£B The sensing time delay period tC2 on the second 

is also coupled to the short circuit protection circuit 12 sensing signal circuit 22 is determined by integrating 

for disabling circuit 12 during the standard tristate 5 capacitor C2 coupled between the circuit 22 and low 

mode. potential power rail GND. Integrating capacitor C2 

In the case of a non-tristate output buffer circuit, integrates charging current on the second sensing signal 

tristate enable circuitry of the type set forth in the U.S. circuit 22 and delays ramping of the output shorted high 

Patent references cited above is added to the output sensing signal VHI. The capacitance of integrating ca- 

buffer circuit for the purpose of short circuit protection. 10 pacitor C2 is also selected in cooperation with the resis- 

The standard tristate enable input OEB can be omitted tance of adjacent components to yield a charging delay 

as well as OR gate ORl. The short circuit tristate enable time constant providing the sensing delay time period 

input SOEB is then coupled directly to the tristate en* tC2 greater th^ the high to low HL transition propaga- 

able circuit input (14) of the output buffer tristate enable tion delay time tpHL. For example the charging time 

circuitry. ) s constant of capacitor C2 is selecteid to provide a sensing 

A detailed implementation of the short circuit protec- time delay period of SO nS while the characteristic 
tion circuit 12 is illustrated in FIO. 4. The sensor cir- propagation delay time tpHL is only 5 nS. 
cuits for sensing out of state conditions between the The second sensor circuit incorporates a second sen- 
input V//v and output Voc/rare indicated by the section sor inverter stage P6, N6 having control gate nodes 
of the circuit 12 in dashed outline. A first sensor circuit 20 coupled to the output Voc/r through an output inverter 
including CMOS transistor elements N5, P5, P7 and stage 16. The output node of second sensor inverter 
inverter stage 17 senses a first out of state condition stage P6, N6 is coupled to the second sensing signal 
when the output VoUT is shorted the low potential circuit 22. A second sensor switch transistor P8 is cou- 
power rail GND. For an out of state condition with pled between the second inverter stage P6, N6 and the 
V/A^high and Vqut^ov/ for a sensing time delay period 25 high potential power rail Vcc- The control gate node of 
tClp a high potential level first short circuit sensing second sensor switch transistor P8 is coupled to the 
signal VLO appears on the first sensing signal circuit 21. input V/at. By this circuit arrangement, for an out of 
A high potential level VLO signal indicates an output state condition with the output Vot;rshorted to a high 
shorted low condition at the output Voc/r of output potential level, sourcing current is applied to the second 
buffer circuit 10. 30 sensing signal circuit 22 for ramping the output shorted 

The sensing time delay period is provided by a first high sensing signal VHI to a high potential level subject 

integrating capacitor CI. Integrating capacitor CI is to the sensing time delay period tC2 interposed by inte- 

coupled between the first sensing signal circuit 21 and grating capacitor C2. 

the low potential power rail GND. The capacitor CI A high potential level output shorted sensing signal 

integrates the charging current on the first sensing sig- 35 VLO, VHI on either of the sensing signal circuits 21, 22 

nal circuit 21 and delays the ramping of the output is converted to a short circuit tristate enable signal 

shorted low sensing signal VLO to a high potential SOEB by sensing signal logic circuit II, 12, NANDl. A 

level. The capacitance value of integrating capacitor CI first logic circuit inverter stage U is coupled to the first 
is selected in cooperation with the circuit resistance of sensing signal circuit 21 for receiving the output shorted 

adjacent components to provide a sensing time delay 40 low sensing signal VLO. A second logic circuit inverter 

period greater than the low to high LH transition prop- stage 12 is coupled to the second sensing signal circuit 

agation delay time tpLH. For example, the charging 22 for receiving the output shorted high sensing signal 

delay time constant associated with capacitor CI may VHI. The outputs of first and second stages II and 12 

be selected to provide a sensing time delay period of 50 provide the inputs to-NAND gate NANDl having a 

nS while the characteristic LH transition propagation 45 logic output which provides the short circuit tristate 

delay time tpLH may be only 5 nS. enable signal SOEB. The sensing signal logic circuit 

The first sensor circuit incorporates a sensor inverter provides an SOEB high potential level for tristating the 

stage P5, N5 having control gate nodes coupled to the output buffer circuit 10 in response to either a high 

output VotTof the output buffer circuit 10. The output potential level output shorted low sensing signal VLO 

node of the first sensor inverter stage P5, N5 is coupled 50 or a high potential level output shorted high sensing 

to the tirst sensing signal circuit 21. A first sensor switch signal VHI which equal or exceed the input threshold 

transistor P7 is coupled between the first sensor inverter of respective inverter stages E, 12. Inverter stages II and 

stage P5, N5 and the high potential power rail Vcc- The 12 are Schmidt trigger circuits to provide a greater 

control gate node of switch transistor P7 is coupled to noise margin and noise immunity, 

the input V/yvthrough an input inverter stage 17. By this 55 The sensing signal reset circuit for the short circuit 

circuit coupling, for an out of state condition with protection circuit 12 is provided by a feedback circuit 

Vp^/rshorted to a low potential level, sourcing current coupled between the SOEB output and the first and 

is applied on the first sensing signal circuit 21 for ramp- second sensing signal circuits 21, 22. The reset circuit 

ing the output shorted low sensing signal VLO to a high resets the signal circuits 21, 22 and the short circuit 

potential level subject to the sensing time delay period 60 sensing signals VLO, VHI in response to a high poten- 

interposed by integrating capacitor CI. tial level short circuit tristate enable signal SOEB. The 

A second sensor circuit 16, P6, N6, P8 senses a sec- reset circuit incorporates a reset delay capacitor C3 for 

ond out of state condition between the input V//v and delaying reset of the sensing signal circuits 21, 22. 

output Voc/r when the output is shorted to the high The reset delay capacitor C3 is coupled on one side to 

potential power rail Vcc- If the out of state condition is 65 a node between inverter stages 13 and 14 in the reset 

sensed for a time delay period tC2 greater than the feedback circuit. The other side of reset delay capacitor 

characteristic propagation delay time tpHL for a high C3 is coupled to the ground potential power rail OND. 

to low HL transition at the output, a high potential level The output of the second inverter stage 14 is coupled to 
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control the first and second sensing signal pulldown by integrating capacitor C2 until the threshold of 12 is 

transistors N4, N3 which are in turn coupled between reached, SOEB then goes high, 

the respective sensing signal circuits 21, 22 and the low For application of the short circuit protection circuit 

potential power rail GND. The reset delay capacitor C3 12 to an inverting tristate output buffer circuit 11. the 

is selected with a decay time constant in cooperation 5 circuit of FIG. 4 is modified as follows. The input in- 

with the resistance of adjacent circuit components to verier stoge 17 of the first sensor circuit P5, N5, P7, 17 

afford a sensing signal reset delay time period tC3 sub- is reversed to apply the input signal at V/a^ after inver- 

stantially longer than either of the sensing time delay sion to the control gate node of P8 in the second sensor 

periods tCl, tC2. For example the capacitance of reset circuit. The input signal at the input V/jv is applied 
delay capacitor C3 and the values of adjacent circuit 10 without inversion at the control gate node of F7. 

components arc selected to provide a reset time delay While the invention has been described with rcfcr- 

pcriod, of for example, \,5 in comparison with the cnce to particular example embodiments it is intended 

sensing time delay period of 50 nS. to cover all modifications and equivalents" within the 

In response to an SOEB high signal, inverter stage 13 scope of the following claims, 

pulls down the intermediate reset signal VRPT subject 15 I claim: 

to the reset time delay interposed by the discharge time 1. A method of protecting an output buffer circuit 

constant of delay capacitor C3. After pulldown of the (10,11) from short circuit conditions of the output 

reset signal VRPT, inverter suge 14 applies high potcn- (Vouh shorted to cither a high potential power rail 

tial level signals to the sensing signal circuit pulldown (Vc) or a low potential power rail (GND), said output 

transistor elements N4, N3. After the reset feedback 20 buffer circuit normally delivering output signals with 

circuit time delay interval of 1.5 fiS, integrating capaci- high (H) and low (L) potential states at the output 

tors CI, C2 are discharged in preparation for rescnsing (^our) in response to respective input signals at an 

the occurrence or continuing presence of respective out input (VrnX and having a tristate enable circuit with 

of state conditions either output shorted high or output tristate enable circuit input (14) for Instating the output 

shorted low as heretofore described. The continuing 25 buffer circuit with a high impedance third state (Z) and 

occurrence of cither out of state condition restores the the output (Vout) comprising: 

high potential level of either short circuit sensing sig- detecting occurrence of a short circuit condition of 

nals VLO, VHI and the high potential level short cir- the output (Vqut) shorted to either the high poten- 

cuit tristate enable signal SOEB for tristating the output tial power rail (Vcc) or low potential power rail 

buffer circuit 10. 3D (GND) by sensing and comparing the respective 

It is noted in the circuit of FIG. 4 that additional states of signals at the input (Vin) and output 

tristate pulldown transistors Nl, N2 are provided in (Vout) in a sensing signal circuit (21,22); 

parallel with reset pulldown transistors N4, N3. The detecting occurrence of an out of state condition 

control gate nodes of tristate pulldown transistors Nl, between the input (Vjn) and output (Vout) for a 

N2 are coupled to the standard tristate enable signal 35 specified sensing time delay period (tCl, tC2) 

input OEB for disabling the short circuit protection longer than characteristic propagation delay times 

circuit 12 when the output buffer circuit 10 is also dis- (tpHL, tpLH) for high to low (HL) and low to 

abled in the tristote mode. high (LH) transitions at the output (Vom) and 

Operation of the output buffer circuit 10 with the measuring the sensing time delay period by charg- 

short circuit protection circuit 12 of FIG. 4 is illustrated 40 ing a charge integrator (CI, C2) in the sensing 

in the graphs of FIGS. 5,6,7 and 8. FIG. 5 is a timing signal circuit (21,22); 

diagram showing the respectively identified voltage generating a short circuit sensing signal (VLO, VHI) 
signals during normal operation of the output buffer in the sensing signal circuit (32. 33) in response to 
circuit 10 in the bistate mode of operation. The voltage detection of an out of state condition for said spcci- 
signals at the input V/A^and the output VouT^re sub- 45 fied sensing time delay period; 
siantially in phase or in the same state subject to the and tristating the output buffer circuit (10,11) in re- 
standard 5 nS propagation delays. The voltage signals sponse to the short circuit sensing signal (VLO, 
VLO, VHI, and SOEB, identified in FIG. 4 are all at VHI). 

low potential level while the reset voltage signal VRPT 2, The method of claim 1 wherein the step of tristat- 

is at a high potential level. With the output Vout 50 ing the output buffer circuit (10,11) comprises: 

shorted to the low potential power rail GND, the out- logically processing the short circuit sensing signal 

put shorted low sensing signal VLO goes high causing (VLO, VHI) and generating a short circuit tristate 

a high potential level short circuit enable signal SOEB enable signal (SOEB); 

as shown in FIG. 6. The reset signal VRPT causes and coupling the short circuit tristate enable signal 

resetting of the output shorted low sensing signal VLO. 55 (SOEB) to a tristote enable circuit input (14) of the 

The sensor circuit again senses the output shorted low tristate enable circuit for tristating the output 

condition and VLO returns to the high potential level buffer circuit. 

along with SOEB. 3. The method of sensing signal circuit (21,22) after 

For the condition in which the output Vqut is detecting occurrence of a short circuit condition at the 

shorted to the high potential power rail Vcg a similar 60 output (Your); 

characterization applies to the output shorted high sens- and delaying the resetting for a reset time delay per- 

ing signal VHI as shown in FIG. 7. The cumulative iod (tC3) substontially greater than the sensing time 

operation of the output buffer circuit with short circuit delay period (tCl, tC2). 

protection over an amplified period of time with a pro- 4. The method of claim 2 wherein the step of dctect- 

longed short circuit condition of the output shorted to 65 ing occurrence of an out of state condition for the sens- 

the high potential power rail Vcc is illustrated in the ing time delay period (tCl, tC2) comprises measuring 

timing diagram of FIG. 8. Output shorted high sensing the sensing time delay period by charging an integrating 

signal VHI increases in increments during integration capacitor (CI. C2) in the sensing signal circuit (21, 22) 
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to a sensing threshold voltage level during occurrence 
of the out of state condition, thereby also generating at 
said integrating capacitor (CI, C2) a short circuit sens- 
ing signal (VLO, VHI) at said sensing threshold voltage 
level. 5 

5. The method of claim 4 comprising further steps of: 
resetting the sensing signal circuit (21, 22) after de- 
tecting occurrence of a short circuit condition at 
the output (youfyt 

and delaying the resetting for a rest time delay period 10 
(tC3) substantially greater than the sensing time 
delay period (tCl, tC2). 

6. The method of claim 5 wherein the step of resetting 
the sensing signal circuit (21, 22) comprises discharging 
the integrating capacitor (CI, C2) in the sensing signal 15 
circuit (21, 22). 

7. The method of claim 6 wherem the step of delaying 
the resetting for a reset time delay period (tC3) com- 
prises measuring the reset time delay period by dis- 
charging a reset delay capacitor (C3). 20 

8. The method of claim 7 wherein the step of resetting 
the sensing signal circuit (21,22) comprises feeding back 
the short circuit tristate enable signal (SOEB), generat- 
ing a reset signal (VRPT) from said short circuit tristate 
enable signal (SOEB) after said reset time delay period 25 
(tC3), and actuating discharge of the integrating capaci- 
tor (CI, C2) in the sensing signal (21, 22). 

9. A short circuit protection circuit (12) for protect- 
ing an output buffer circuit (10,11) from a short circuit 
condition at the output (Vout) comprising: 30 

a short circuit detecting circuit for detecting occur- 
rence of a short circuit condition of the output 
(Vout) shorted to either a high potential power 
rail (Vcc) or a low potential power rail (GND); 
. a delay circuit (21,22) coupled to the short circuit 35 
detecting circuit for sensing the direction of a short 
circuit condition and generating a short circuit 
sensing signal (VLO, VLO) after sensing a short 
circuit condition for a specified sensing time delay 
period (tCl. tC2); 40 

and a short circuit instating enable circuit for tristat- 
ing the output buffer circuit (10.11) in response to 
the short circuit sensing signal. 

10. An output buffer circuit (10,11) having an output 
(Vout) for delivering output signals with high (H) and 45 
low (L) potential states in response to respective input 
signals at an input (V /yv) with characteristic propagation 
delay times (tpHL, tpLH) for respective transitions 
from high to low (HL) and low to high (LH) potential 
states at the output (Vouf)* said output buffer circuit 50 
having a tristate enable circuit and tristate enable circuit 
input (14) for tristating the output buffer circuit (10,11) 
with a high impedance third state (Z) at the output 
(Vout), said output buffer circuit being coupled be- 
tween high and low potential power rails (Vcc. OND) 55 
for sourcing and sinking current at the output (VouT)f 
said output buffer circuit having an improved short 
circuit protection circuit (12) comprising: 

a short circuit detecting circuit for detecting occur- 
rence of a short circuit condition of the output 60 
(Vouf) shorted to either the high potential power 
rail (Vcc) or the low potential power rail (GND) 
and for generating a short circuit sensing signal 
(VLO, VHI); 

said short circuit detecting circuit comprising an out 65 
of state condition sensing circuit coupled to the 
input (V/A') and output (Vout) for sensing an out of 
state condition between signals at the input (V/at) 
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and output (Vout) and a delay circuit for sensing 
the direction of the out of state condition for a 
sensing time delay period (tCl, tC2) greater than 
the characteristic propagation delay times (tpHL, 
tpLH) of the output buffer circuit (10,11), and for 
generating a short circuit sensing signal (VLO, 
VHI); 

said out of state condition sensing circuit comprising 
an output shorted low (L) first sensor circuit 
(N5,P5,P7,I7) for sensing a fu-st out of state condi- 
tion between the input (Vjn) and output (Vqut) 
when the output is shorted to the low potential 
power rail (GND) for a sensing time delay period 
(tCl) longer than the characteristic propagation 
delay time (tpLH) for a low to high (LH) transition 
at the output (Your); 

a first sensing signal circuit (21) coupled to the first 
sensor signal for generating a short circuit first 
sensing signal (VLO); 

a first sensing signal logic circuit coupled to the short 
circuit detecting circuit for generating a short cir- 
cuit tristate enable signal (SOEB) at a logic circuit 
SOEB circuit in response to a short circuit first 
sensing signal (VLO); 

said short circuit tristate enable signal (SOEB) being 
coupled to the tristate enable circuit input (14) for 
tristating the output buffer circuit. 

11. The output buffer circuit of claim 10 wherein the 
first sensing signal circuit (21) comprises a first integrat- 
ing capacitor (CI) coupled between the first sensing 
signal circuit (21) and low potential power rail (GND) 
for integrating the short circuit first sensing signal 
(VLO), said first integrating capacitor (CI) having a 
charging delay time constant selected to provide a sens- 
ing time delay period (tCl) greater than the low to high 
(LH) transition propagation delay time (tpLH), for 
integrating the first sensing signal (VLO) to a threshold 
voltage level over the sensing time delay period (tCl) in 
response to said first out of state condition between the 
input (V/jv) and output (Vouf)- 

12. The output buffer of claim 11 wherein the out of 
state condition sensing circuit comprises an output 
shorted high (H) second sensor circuit (I6,N6,P6,P8) 
for sensing a second out of state condition between the 
input (V//v) and output (Vqut) when the output is 
shorted to the high potential power rail (Vcc) for a 
sensing time delay period (tC2) longer than the charac- 
teristic propagation delay time (tpHL) for high to low 
(HL) transition at the output (youf)j 

and a second sensing signal circuit (22) coupled to the 
second sensor circuit for generating a short circuit 
second sensing signal. 

13. The output buffer circuit of claim 12 wherein the 
second sensing signal circuit (22) comprises a second 
integrating capacitor (C2) coupled between the second 
sensing signal circuit (22) and low potential power rail 
(GND) for integrating the second short sensing signal 
(VHI), said second integrating capacitor (C2) having a 
charging delay time constant causing a sensing time 
delay period (tC2) greater than the high to low (HL) 
transition propagation delay time (tpHL), for integrat- 
ing the second sensing signal (Vjy/) to a threshold volt- 
age level over the sensing time delay period (tC2) in 
response to said second out of state condition between 
the input (Vjf/) and output (Vout)- 

14. The output buffer circuit of claim 13 wherein the 
first sensor circuit (N5,P5,P7.I7) comprises: 
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a first sensor inverter stage (N5»P5) having control 
gate nodes coupled to the output Q/out) and a first 
sensor inverter stage output node coupled to the 
first sensing signal circuit (31); 

and a first sensor switch transistor (P7) coupled to the 5 
first sensor inverter stage (P5,N5) and the high 
potential power rail (Vcc)» said first sensor switch 
transistor (P7) having a control gate node coupled 
to the input (V/;v) through an input inverter suge 
(17). 10 

15. The output buffer circuit of claim 14 wherein the 
second sensor circuit (I6,N6,P6,P8) comprises: 

a second sensor inverter sUge (P6,N6) having control 
gate nodes coupled to the output (Voui) through 
an output inverter stage (16) and having a second IS 
sensor inverter stage output node coupled to the 
second sensing signal circuit (22); 

and a second sensor switch transistor (P8) coupled 
between the second inverter stage (P6,N6) and the 
high potential power rail (Vcc) having a control 20 
gate node coupled to the input (V/at). 

16. The output buffer circuit of claim 15 comprising a 
sensing signal reset circuit coupled in a feedback circuit 
between the logic circuit SOEB output and the first and 
second sensing signal circuits (21,22) for resetting said 25 
sensing signal circuits (21,22) in response to a short 
circuit tristate enable signal (SOEB), said sensing signal 
reset circuit comprising a reset delay element (C3) de- 
laying reset of the sensing signal circuits (21,22) for a 
reset time delay period (tC3) substantially greater than 30 
the sensing time delay period (tCl, tC2). 

17. The output buff^er circuit of claim 16 wherein the 
sensing signal reset circuit comprises a first sensor pull- 
down transistor (N4) coupled between the first sensor 
circuit (21) and the low potential power rail (GND) and 35 
a second sensor pulldown transistor (N3) coupled be- 
tween the second sensor circuit (22) and the low poten- 
tial power rail (QND). 

18. The output buffer circuit of claim 17 wherein the 
delay element comprises a reset delay capacitor (C3) 40 
coupled between the sensing signal reset circuit and the 
low potential power rail (GND), said reset delay capac- 
itor (C3) being selected to have a decay time constant in 
cooperation with the sensing signal reset circuit causing 

a reset time delay period (tC3) substantially longer than 45 
the sensing time delay period (tCl, tC2). 

19. The output buffer circuit of claim 18 wherein the 
sensing signal reset circuit comprises first and second 
reset inverter stages (13, 14) coupled in series, said reset 
delay capacitor (C3) being coupled to a node between 50 
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the first and second reset inverter stages and to the low 
potential power rail (GND). 

20. The output buffer circuit of claim 19 wherein the 
tristate enable circuit input (14) is also coupled to the 
output short circuit protection circuit (12) for tristating 
the short circuit protection circuit (12) in response to a 
tristate enable signal (OEB). 

21. The output buffer circuit of claim 10 wherein a 
tristate enable signals (OEB) and the short circuit tri- 
state enable signals (SOEB) are coupled to the trisute 
enable circuit input (14) and tristate enable circuit 
through an OR gate (ORl). 

22. The output buffer circuit of claim 12 wherein the 
sensing signal logic circuit comprises a first logic circuit 
inverter stage (II) coupled to the fu^t sensing signal 
circuit (21) for receiving a short circuit first sensing 
signal (VLO), a second logic circuit inverter stage (12) 
coupled to the second sensing signal circuit (22) for 
receiving a short circuit second sensing signal (VHI), 
and a NAND gate (NANDl) having logic inputs cou- 
pled to the first and second logic circuit inverter stages 
(11,12), said NAND gate (NANDl) having a logic out- 
put providing the logic circuit SOEB output. 

23. A method of protecting an output buffer circuit 
(10,11) from a short circuit condition at the output 
(V out) comprising: 

detecting occurrence of a short circuit condition of 
the output (Vour) shorted to either a high potential 
rail (Vcc) or a low potential rail (GND); 

sensing the duration of the short circuit condition 
using a delay circuit (C1,C2) and generating a short 
circuit sensing signal (VLO,VHI) after sensing a 
short circuit condition for a specified sensing time 
delay interval (tCl,tC2); 

and tristating the output bufler circuit (10,11) in re- 
sponse to the short circuit sensing signal. 

24. The method of claim 23 wherein the step of sens- 
ing the duration of the short circuit condition using a 
delay circuit comprises charging a charge integrator 
(C1,C2) during occurrence of a short circuit condition 
to a threshold voltage level (VTHIliVTHI2) after the 
specified sensing time delay period. 

25. The short circuit protection circuit of claim 9 
wherein the delay circuit (21,22) comprises a charge 
integrator (C1,C2) coupled to integrate charge during 
occurrence of a short circuit condition to a threshold 
voltage level after a specified sensing time delay period 
(tCl,tC2). 

* * * « • 
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